Abstract Although there is general consensus about the efficacy of total hip replacement (THR) in young patients, the most appropriate bearings in young patients remain highly debated. The three most popular bearings in use include metal-on-polyethylene (MOP), metal-on-metal (MOM) and ceramic-on-ceramic (COC). We conducted a systematic review and meta-analysis of literature to summarise the best available evidence on relative success of the three most popular bearings used in THR in young active patients. Our findings support the use of MOM bearings in the management of the young arthritic hip. These findings, largely based upon observational studies, should be taken in the context of the limitations of such non-randomised study designs.
Introduction
Total hip replacement (THR) is one of the most successful procedures for surgical treatment of advanced hip arthritis. Although prosthetic replacement of the hip in young patients has been now accepted as one of the most rewarding surgical procedures, there is considerable debate regarding the type of bearings in THR in this group of patients. The three most popular bearings in use include metal-on-polyethylene (MOP), metal-on-metal (MOM) and ceramic-on-ceramic (COC). Because younger patients are more likely to place increased demands on a replacement and have a longer life expectancy, bearing surface wear and osteolysis become more serious problems in this active population. Many reports have shown inferior results for replacement in younger patients compared to the general THR population [1, 2] . It is now well accepted that youth and high activity levels are among the factors that increase the risk of wear debris and subsequent mechanical failure of a total hip prosthesis [3] . Therefore, the use of material with low wear debris production, including MOM articulation and COC articulation, has become an attractive alternative in these patients with a high activity level [3] [4] [5] [6] . It has been reported that MOM and COC hip prostheses have the potential to produce less wear and therefore a reduced reaction to wear debris [3] .
In order to answer the most common question-which bearing has to be used in the young arthritic hip?-we conducted a systematic review of literature and a metaanalysis to summarise the best available evidence on the relative success of the three most popular bearings used in THR in young active patients.
Methods

Search strategy
Two investigators systematically searched through MED-LINE (October 1975 -December 2008) to identify and retrieve relevant studies published in the English language. The following search terms were used: (1) total hip replacement*, (2) young hip arthritis*, (3) bearings in total hip replacement*. The asterisks (*) were used to improve the sensitivity of our search strategy (Fig. 1 ).
Selection criteria
Eligibility criteria included the following: (1) THR performed in young patients with mean age less than 55 years of age, (2) THR performed for any reason other than acute fractures, (3) controlled comparison of bearings, and (4) outcome as measured by survival to time of revision surgery for any reason. Exclusion criteria included: (1) studies that included revision cases, (2) studies including cancer or tumour cases, (3) animal studies, (4) studies containing previously published data, (5) studies that did not report any revision events, and (6) case reports.
Assessment of study quality Initial screening of articles was performed by two investigators. Two more investigators then independently assessed each of the studies for eligibility for inclusion. If the title or the abstract was judged by either investigator to be potentially eligible, the full article was examined. The investigators obtained consensus, with any discrepancies, by discussion or through the input of a third investigator.
Data extraction and synthesis
Data were extracted by one of the investigators and checked for accuracy by a second. Information retrieved from each study included study design, number of participants, bearings used, study setting, statistical methods employed, patient characteristics, sample size, follow-up duration, survivorship estimates and potential sources of conflict of interest. The original plan was to look at the survivorship at ten, 15, 20 and 25 years. However, many of the studies we considered did not provide adequate information on survivorship beyond ten years. Therefore, we restricted the survivorship analysis for the three important bearings to ten years.
Statistical analysis
For the purpose of meta-analysis, proportions were first transformed into a quantity based upon the Freeman-Tukey variant of the arcsine square root transformed proportion [7] suitable for the usual fixed and random effects summaries [8] . All the selected studies were divided into three groups according to the bearings used as (a) MOP, (b) MOM, and (c) COC. Meta-analysis was done for the overall group and for each of these subgroups for survivorship estimates (10, 15, 20 and 25 years). The pooled proportion is calculated as the back-transform of the weighted mean of the transformed proportions, using inverse arcsine variance weights for the fixed effects model and DerSimonian-Laird [8] weights for the random effects model. We examined heterogeneity using both the Cochran chi-square test (Cochran Q) and the I 2 statistic. Cochran Q is associated with a heterogeneity p value, and values of <0.10 suggest that there is sufficient heterogeneity of treatment effects to preclude meaningful pooling of trials. I 2 represents the percentage of betweenstudy variability that is due to true differences between studies (heterogeneity) rather than to sampling error (chance). We considered an I 2 value of >50% to reflect substantial heterogeneity. We found the differences between studies large, so we followed a random effects model.
Potential for publication bias was evaluated with the use of Egger's test for funnel plot asymmetry [9] and HarbordEgger test [10] . All analyses were performed using Stats Direct 2.7.2 and SPSS 15 (SPSS Inc., Chicago, IL, USA).
Results
We identified a total of 43 studies, of which 31 met our inclusion criteria after initial screening of the titles and abstracts. Of these 31 studies, 29 met the criteria for final review (Fig. 1) . Two studies were excluded due to lack of information about liner used during the procedure.
Study characteristics
All 29 studies were observational studies. Details of the studies are shown in Table 1 . Studies ranged in sample size Fig. 3 The proportion metaanalysis plot (random effects) for the metal-on-poly (MOP) group at the end of ten years from 34 to 1,092 with mean patient ages ranging from 18.3 to 55.4. Studies provided mean follow-up ranging from 39 to 259 months.
Comparison of alternative bearings Table 2 summaries the bearings used in these studies and their survival at ten years.
Ten-year survival rates suggest that MOM bearings performed significantly better than MOP (p=0.01) and COC (p=0.001). MOP revealed higher survival rates than COC (p=0.05). However, after adjusting for multiple comparisons, this difference no longer achieved conventional thresholds of statistical significance.
MOM (two studies, sample size of 239 patients) in patients with mean age less than 55 years achieved a pooled ten-year survival of 95.4% (95% CI 85.8-99.8%). Figure 2 shows the proportion meta-analysis plot (random effects) for the MOM group at the end of ten years. Bias indicators were uninformative due to the small number of studies.
In comparison, THRs with MOP liners (20 studies, sample size of 3,592 patients) achieved pooled ten-year survival rates of 92.0% (95% CI 89.4-94.2%, I 2 =80.8%). Figure 3 shows the proportion meta-analysis plot (random effects) for the MOP group at the end of ten years. Publication bias was not apparent (Egger bias = −1.56 and p=0.06; Harbord-Egger bias = −1.26 and p=0.3) (Fig. 4) . COC bearing surfaces (three studies, sample size of 254 patients) revealed the lowest ten-year survival rates of 88.9% (95% CI 79.4-95.7%, I
2 =75). The proportion metaanalysis plot (random effects) for the COC liner group at the end of ten years is shown in Fig. 5 . The analysis of publication bias did not reveal any significant bias (Harbord-Egger bias = −1.76 and p=0.86). Funnel plots were uninformative due to the small number of studies pooled.
Discussion
There is no doubt that THR has stood the test of time in the elderly age group. Today, THR remains one of the most successful orthopaedic interventions even in young, active individuals. Although there have been significant techno- proportion (95% confidence interval) Fig. 5 The proportion metaanalysis plot (random effects) for the ceramic-on-ceramic (COC) bearings group at the end of ten years logical advances in materials used in THR, there is still much debate about the appropriate bearings, particularly in young individuals. Younger patients are expected to place increased demands on THRs, not only because they are more active, but also because they have a longer life expectancy. When a THR is considered for a patient in this age group, the choice of bearing surface can be confusing to a surgeon [3] . Three of the most popular bearings used in young patients are MOP, MOM and COC. Although MOP bearings have shown good long-term results with the Charnley prosthesis, radiological aseptic loosening rates were high with these bearings [3] . This has been related to the response to particulate debris generated by wear of the ultrahigh molecular weight polyethylene of the acetabular component, subsequent osteolysis and mechanical failure. Wangen et al. [2] have shown that the prevalence of osteolysis in uncemented prostheses has been reported to vary between 40% and 50% and even up to 60% in the younger age groups. Because of this, there is a need to consider bearings made of materials that result in less wear [11] [12] [13] .
Yong-Chan et al. [5] noted that MOM and COC articulations have the lowest wear rate among various bearings. Ceramic particles induced less macrophage reaction and decreased cytokine secretion compared to particles of high-density polyethylene [5, 14] . As a result of the improved survival of uncemented THR components using these alternative bearings, their use has increased despite the higher costs [15] . Use of COC bearings became very popular in the 1990s as it was meant to reduce the wear [3] . Retrieved specimens of COC bearings showed minimal wear of the alumina components as shown by Dorlot et al. [4] . The incidence of osteolysis was also found to be low. However, problems have been reported with both MOM and COC bearings. Kim et al. [11] showed definite femoral osteolysis associated with the MOM; histological examination of the tissue showed multiple lymphocytes with a perivascular distribution and a small number of macrophages, suggesting that the cause of the osteolysis was hypersensitivity-induced vasculitis rather than a particle-induced reaction [11, 12] . The risk of ceramic fracture is a well-recognised problem. Ceramic fractures of a contemporary COC articulation reported in a recent study were 1% [5] . Following improvements in manufacturing technology, the fracture rate has reduced from approximately 1 in 2,000 to 1 in 10,000 implants. Nevertheless, ceramic fracture is still a major concern for modern COC hip bearings [1, 16] . In spite of the tribological evolution of ceramics, a number of concerns still remain: the potential for ceramic fracture, fewer intraoperative modular component options, micro separation, impingement noise issues, and the potential for problems when a new head is placed on an old trunion during revision [16] .
In this study, we could not look at survivor statistics beyond ten years in all major bearings. Survivorship at ten years was available for all three groups in all the articles studied. Therefore, we restricted the analysis to ten years. Our study has shown that THRs using MOM bearings have the highest survival rate of 95.4% with 95% confidence interval of 85. .8% compared to 92.0% for THRs using the MOP bearing and 88.9% for THRs using the COC bearing.
The strength of our study is that it is one of the first of its kind. Observational meta-analysis is rare as meta-analysis is usually carried out for experimental studies. However, this study also has some limitations as only three groups were studied, and there were small sample sizes in the MOMand COC-bearings groups, which makes statistical analysis weak. The imbalance in the numbers between the three groups may be another weakness of this study.
Conclusion
Our study supports the use of a MOM articulation in young active patients. At the end of ten years, the MOM bearing shows maximum survival rate and superiority compared to MOP and COC bearings. These findings, largely based upon observational studies, should be taken in the context of the limitations of such non-randomised study designs.
